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1. Introduction
  The infections caused by microorganisms, is the 
most commonly encountered problem by a majority of 
population throughout the world. Bacterial infections are 
prevalent in the developing countries due to factors such 
as inadequate sanitation, poor hygiene and overcrowded 
living conditions[1]. These resulted many people prone 
to diseases caused by microorganisms. Plants have been 
used for medicinal purposes throughout human history 
and the first pharmaceuticals were derived from medicinal 
plants[2]. The natural products not only possess significant 
pharmacological properties but also provide a source of very 
important lead compounds. The natural products discovered 
from medicinal plants have provided numerous clinically 
used medicines[3]. Despite the increasing interest of public 
in phytomedicine, very few drugs from higher plants have 
attained any prominence in conventional medical practice 
in the last couple of decades[4].
  The long-term solution to the problem of resistance 
demands novel chemical classes rather than “me-too” 
drugs[5] and large worldwide surveillance studies report that 
resistance to nearly all antimicrobial classes is increasing[6]. 
Despite the inevitable development of resistance, the 
discovery of new drugs is essential to prevent a future 
medical and social catastrophe[7]. The study of medicinal 
plants as antimicrobial agents with a standard method for 
investigation is necessary for gaining insight into medicinal 
flora and their value[8]. 
  The genus Vitex, belongs to the family Verbenaceae, 
and its species are shrubs or trees, present in the tropical 
and temperate regions of the world. India, 1 of the 11 
megabiodiversity countries, has 13 species of Vitex[9]. The 
Vitex species are used in the Indian system of medicine for 
the treatment of a range of diseases. So, The present study 
was carried out to investigate the antibacterial potential of 
methanol extracts from certain Vitex species namely, Vitex 
altissima (V. altissima), Vitex diversifolia (V. diversifolia), 
Vitex negundo (V. negundo), Vitex peduncularis (V. 
peduncularis) and Vitex trifolia (V. trifolia) against human 
pathogenic bacterial strains. 
Objective: To study the antibacterial activity of the leaf methanol extracts of five different 
species of Vitex namely, Vitex altissima (V. altissima), Vitex diversifolia (V. diversifolia), Vitex 
negundo (V. negundo), Vitex peduncularis (V. peduncularis) and Vitex trifolia (V. trifolia). 
Methods: Antibacterial assay was carried out by using disc diffusion method, determination of 
minimum inhibitory concentrations (MIC) and minimum bactericidal concentrations (MBC) against 
five strains of Gram-positive and seven strains of Gram-negative human pathogenic bacterial 
strains. Results: The results of antibacterial activity of Vitex species showed that the extracts 
possessed a broad spectrum of antibacterial activity. The V. peduncularis possessed the highest 
activity against all the microorganisms screened. It produced a zone of inhibition ranged between 
(11.000 依 0.577) and (22.670 依 0.667) mm and the MIC values were from 62.5 to 1 000.0 毺g/mL and 
the MBC values were from 125.0 to 2 000.0 毺g/mL. Conclusions: Based on the present study, 
V. peduncularis is recommended for the isolation of antibacterial molecule responsible for the 
activity against the tested human pathogenic bacterial strains.
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2. Material and methods
2.1. Collection of plant materials
  The leaves of Vitex altissima Linn. f., Vitex negundo Linn., 
Vitex peduncularis Wall. ex Schauer and Vitex trifolia Linn. 
were collected from different regions of Tamilnadu and V. 
diversifolia Bak. was collected from Andaman and Nicobar 
islands, India. The voucher specimens are deposited at the 
herbarium, Department of Botany, Annamalai University. 
The places of collection and its geographical locations are 
given in Table 1.
2.2. Preparation of methanol extracts
  Healthy and well grown leaves were collected from the 
representatives of Vitex species and they were immediately 
brought to the laboratory. The leaves were first washed 
with tap water, then surface sterilised in 10% sodium 
hypochlorite to prevent the contamination of any microbes. 
They were thoroughly rinsed with sterile distilled water and 
shade dried followed by oven drying (60 曟) and milled in 
an electrical blender. The powdered leaves (100 g) were 
extracted in a Soxhlet apparatus for 72 h with methanol 
(300 mL暳3)[10]. The extracts were pooled and the solvent 
was evaporated using a rotary evaporator under reduced 
pressure at 40 曟. The crude extracts thus obtained were 
kept at 4 曟 until further assay.
2.3. Antibacterial assay of methanol extracts
2.3.1. Microorganisms used
  The antimicrobial activity of five species of Vitex was 
investigated against five strains of Gram-positive bacteria 
viz, Bacillus cereus (NCIM 2155), Bacillus subtilis (NCIM 2063), 
Bacillus pumilus (NCIM 2327), Micrococcus luteus (NCIM 
2376) and Staphylococcus aureus (NCIM 2901) and against 
seven strains of Gram-negative bacteria viz., Escherichia 
coli (NCIM 2256), Klebsiella pneumoniae (NCIM 2957), 
Pseudomonas aeruginosa (NCIM 5031), Proteus vulgaris 
(NCIM 2027), Salmonella typhimurium (NCIM 2501), Shigella 
flexneri (MTCC 1457) and Shigella sonnei (MTCC 2597). These 
standard strains were obtained from National Collection of 
Industrial Microorganisms (NCIM), Biochemical Sciences 
Division, National Chemical Laboratory, Pune and Microbial 
Type Culture Collection (MTCC), Chandigarh, India.
2.3.2. Evaluation of antibacterial activity
  The test solution was prepared with 10 mg/mL of crude 
extracts, dissolved in 5% dimethyl sulphoxide (DMSO). 
Whatmann No.1 sterile filter paper discs (6 mm) were 
impregnated with 10 毺L of the extract to obtain 100 毺g/
disc and allowed to dry at room temperature. Ciprofloxacin 
(5 毺g/disc) was used as the positive control and 5% 
DMSO was used as blind (negative) control. Petri plates 
were prepared by pouring 20 mL of Mueller Hinton agar 
and allowed to solidify. Plates were dried and 0.1 mL 
of standardized inoculum suspension was poured and 
uniformly spread. The plates were allowed to dry for 5 min. 
After drying, the discs impregnated with extract (100 毺g/
disc) were placed on the surface of the plate. The inoculated 
plates were incubated at 37 曟 for 24 h and the zone of 
inhibition was observed and measured in millimeters[11]. 
The plant extracts were dissolved in 5% DMSO to obtain 
32 mg/mL and 0.5 mL of stock solution was incorporated 
into 0.5 mL of Mueller Hinton broth to get a concentration 
of 16 000.0, 8 000.0, 4 000.0, 2 000.0, 1 000.0, 500.0, 250.0 
and 62.5 毺g/mL. Fifty 毺L of standardized suspension of 
the test organism was transferred onto each tube. Minimum 
inhibitory concentrations (MIC) of the crude extracts were 
tested in Mueller Hinton broth by broth macro-dilution 
method[12]. Minimum bactericidal concentrations (MBC) 
were determined by plating 100 毺L of samples from each 
MIC assay tube with growth inhibition into freshly prepared 
Mueller Hinton agar and the plates were incubated at 
37 曟 for 24 h. The MBC values were recorded as the lowest 
concentration of the extracts that did not permit any visible 
bacterial colony growth on the agar plate during the period 
of incubation[13]. These assays were repeated three times.
2.4. Statistical analysis
  All the data of antibacterial activities were examined as 
mean依SD. One-sample t test was carried out to determine 
the significant differences (P<0.05) between the means. The 
analysis was carried out using Statistical Package of Social 
Sciences (SPSS package software, Version 11.5, Chicago, IL, 
USA).
3. Results
  In the present study, 100 g dried leaf powder was extracted 
with 300 mL 伊 3 methanol in a Soxhlet apparatus for 72 h. 
The yield of methanol extracts was 3.7%, 3.5%, 4.5%, 3.9% 
and 4.2% for V. altissima, V. diversifolia, V. negundo, V. 
peduncularis and V. trifolia respectively. In the present 
investigation, the methanol extracts of Vitex species showed 
varied levels of antibacterial activity against the bacterial 
strains tested (Tables 2 & 3). The zones of inhibition 
produced by all the plant extracts tested ranged between 
(7.330 依 0.333) and (22.670 依 0.667) mm, the MIC values 
were between 62.5 and 2000.0 毺g/mL and the MBC values 
were from 125.0 to 4000.0 毺g/mL. The methanol extract of 
V. peduncularis showed the highest mean zone of inhibition 
(22.670 依 0.667) mm and lowest MIC (62.5 毺g/mL) and MBC 
values (125.0 毺g/mL) against S. aureus followed by M. 
luteus (21.670 依 0.667) mm; MIC (62.5 毺g/mL); MBC (125.0 
毺g/mL). Methanol extract of V. trifolia also showed good 
antibacterial activity against the bacterial strains tested. 
The highest mean zones of inhibition were recorded against 
S. aureus (17.330 依 0.333) mm; MIC (125.0 毺g/mL); MBC 
(250.0 毺g/mL) followed by M. luteus (16.670 依 0.333) mm; 
MIC (125.0 毺g/mL); MBC (250.0 毺g/mL). The control drug, 
cifroflaxacin (5 毺g/disc) produced mean zone of inhibition 
ranged from (27.000 依 0.577) to (35.000 依 0.577) and there 
was no activity against blind control (5% DMSO).
4. Discussion
  The solvent methanol has been found to be the most 
efficient in extracting bioactive compound from the leaf 
of Acalypha indica[14]. The methanol extraction yielded 
as high as 29% and 25% crude extract in Cistus villosus 
and C. monspleliensis[15]. A higher yield for methanol ie, 
35.97% in Quercus ilex bark has been reported[16]. The Vitex 
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species showed a broad spectrum of antibacterial activity 
against the microorganisms tested. The basis of varying 
degree of sensitivity of test microorganisms may be due to 
intrinsic tolerance of microorganism and the nature and 
combinations of phytocompounds present in the crude 
extract[17]. Similarly, the differential action of four different 
species of Chrysanthemum[18] and nine species of Alpinia[19] 
were reported. Barbour et al[20] reported that the differences 
in the antimicrobial activity of crude extracts may be due to 
the amount of antimicrobial agent present in the extract and 
their mode of action on different test microorganisms.
  The methanol extract of twigs of Dorstenia angusticornis 
has been reported to have activity against 6 Gram-positive 
and 13 Gram-negative bacteria tested. The MIC values for Gram-
positive bacteria ranged between 19.53 and 156.25 毺g/mL
and Gram-negative bacteria ranged from 19.53 to 625.00 
毺g/mL[21]. The more consistent antimicrobial activity 
of methanol extracts have been reported[22,23]. The 
solvent methanol is known for its nature of isolating more 
antimicrobials from plants including tannins, polyphenols, 
terpenoids, saponins, lactones, flavones and phenones[24]. 
Saadabi et al[25] reported that the methanol extract of 25 
species belonging to 19 families, showed antibacterial 
activity against B. subtilis, S. aureus, E. coli and P. 
aeruginosa.
  The MIC values obtained in the present study were much 
lower than the MIC values of ethanol extract of Agave picta 
against E. coli (6 mg/mL) and S. aureus (7 mg/mL) reported 
by Veràstegui et al[26]. The MBC values were found to be two 
fold higher than corresponding MIC values. In some other 
studies, the MBC values of methanol extract of aerial parts 
of Lythrum salicaria[27], ethanolic extract of root of Synclisa 
scabrida[28] and aerial parts of Zuccagania punctata[29] were 
identical or two fold higher than the corresponding MIC 
Table 1
Geographical details of sample collection.
Name of the species Place of collection Geographical location
V. altissima Chitheri, Chitheri Hills – Dharmapuri district 11°53’28N 78°30’26E
V. diversifolia Rongat Bay – Andaman and Nicobar islands 12°28’60N 92°58’00E
V. negundo Kollidam - Nagapattinam district 11°18’47N 79°42’04E
V. peduncularis Jamanamarathur, Javadhu Hills – Tiruvannamalai district 12°36’10N 78°53’07E
V. trifolia Sivapuri - Cuddalore district 11°24’24N 79°42’59E
Table 2
Antibacterial activity of Vitex species against Gram-positive and Gram-negative bacterial strains (mean 依 SD).
Microorganisms
Mean zone of inhibition (mm)
V. altissima V. diversifolia V. negundo V. peduncularis V. trifolia Ciprofloxacin (5 g/disc)
B. cereus  13.500 依 0.866*  14.430 依 0.473* 13.550 依 0.473 18.040 依 0.876  15.490 依 0.526* 34.000 依 0.577
B. pumilus  12.330 依 0.258* 13.590 依 0.452 12.280 依 0.710  16.770 依 0.473*  14.820 依 0.320* 32.670 依 0.667
B. subtilis  13.160 依 0.763*  13.740 依 0.444* 12.060 依 0.877  17.160 依 0.817* 14.300 依 0.611 33.670 依 0.333
M. luteus 14.800 依 0.793 16.180 依 0.822 13.180 依 0.499 21.590 依 0.821 16.590 依 0.452 34.330 依 0.333
S. aureus 14.770 依 0.437 16.320 依 0.435 13.410 依 0.717 22.600 依 0.755 17.500 依 0.347 35.000 依 0.577
E. coli   8.700 依 0.435 10.400 依 0.525    7.920 依 0.917*  13.680 依 0.520* 11.550 依 0.195 28.330 依 0.333
K. pneumoniae   8.270 依 0.801 10.150 依 0.581    8.360 依 0.439* 11.190 依 0.810 10.590 依 0.821 29.000 依 0.577
P. aeruginosa   8.130 依 0.814   8.810 依 0.815   8.070 依 0.767 12.730 依 0.452 10.810 依 0.790 31.670 依 0.881
P. mirabilis   9.360 依 0.437 10.180 依 0.822    8.800 依 0.822* 12.430 依 0.473   9.810 依 0.330 28.000 依 0.577
S. typhimurium   8.390 依 0.452   9.760 依 0.473   7.430 依 0.473 12.590 依 0.821 10.420 依 0.412 30.000 依 0.577
S. flexneri 11.180 依 0.822 11.250 依 0.452 10.590 依 0.452  14.430 依 0.391*  12.250 依 0.452* 27.670 依 0.333
S. sonnei 11.760 依 0.473 12.120 依 0.785 11.380 依 0.469 15.310 依 0.605  12.930 依 0.713* 27.000 依 0.577
Diameter of mean zone of inhibition (mm) including disc diameter of 6 mm. Mean of three assays. *Significant at P< 0.05 level.
Table 3
MIC and MBC of Vitex species (毺g/mL).
V. altissima  V. diversifolia  V. negundo V. peduncularis V. trifolia
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
   500.0 1 000.0    250.0    500.0    500.0 1 000.0   125.0    250.0    250.0    500.0
   500.0 1 000.0    500.0 1 000.0    500.0 1 000.0   125.0 1 000.0    250.0 1 000.0
   500.0 1 000.0 5 000.0 1 000.0 1 000.0 2 000.0   125.0    250.0    250.0    500.0
   125.0    250.0    125.0    250.0    500.0 1 000.0     62.5    125.0    125.0    250.0
   250.0    500.0    250.0    500.0    500.0 1 000.0     62.5    125.0    125.0    250.0
2 000.0 4 000.0 1 000.0 2 000.0 2 000.0 4 000.0   500.0 1 000.0 1 000.0 2 000.0
2 000.0 4 000.0 1 000.0 2 000.0 2 000.0 4 000.0 1 000.0 2 000.0 1 000.0 2 000.0
2 000.0 4 000.0 2 000.0 4 000.0 2 000.0 4 000.0    500.0 1 000.0 1 000.0 2 000.0
2 000.0 4 000.0 2 000.0 4 000.0 2 000.0 4 000.0    500.0 1 000.0 2 000.0 4 000.0
2 000.0 4 000.0 2 000.0 4 000.0 2 000.0 4 000.0    500.0 1 000.0 2 000.0 4 000.0
1 000.0 2 000.0 1 000.0 2 000.0 1 000.0 2 000.0    250.0    500.0    500.0 1 000.0
1 000.0 2 000.0 1 000.0 2 000.0 1 000.0 2 000.0    250.0    500.0    500.0 1 000.0
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values.
  The methanol extracts of Vitex species were found to be 
more effective against Gram-positive bacteria than Gram-
negative bacteria. These results are in agreement with the 
results obtained from the extracts of some other plants[30,31]. 
The Gram-positive bacteria should be more susceptible 
than Gram-negative bacteria since they have only an outer 
peptidoglycan layer which is not an effective permeability 
barrier[32]. The lipopolysaccharides present in the outer 
membrane of Gram-negative bacteria provide resistance 
towards antibacterial substances[33,34]. The reason for the 
sensitivity between Gram-positive and Gram-negative 
bacteria could also be ascribed to the morphological 
differences between them[35]. Based on the results of the 
present study, V. peduncularis is recommended for the 
isolation of antibacterial molecule responsible for the 
activity against tested bacterial strains.
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